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(54) UTHIUM SECONDARY BATTERY 
(57)Abstract: 

PURPOSE: To provide a lithium secondary battery having high 
electromotive force, high discharge voltage, a high energy density, and an 
excellent cycle characteristic by forming a positive electrode body with a 
positive electrode active material containing lithium, cobalt, and phosphorus 



at the specific content ratio. 

CONSTITUTION: A specific material containing cobalt of 0.1 mol or above 
and phosphorus of 0.2mol or above against lithium of 1 mol is made 
amorphous as a positive electrode active material. The average grain size 
is set to 0.01-20|im, and the BET specific surface area is set to 1- 
1,000m2/g. The positive electrode active material, a binder having the grain 
size of 0.02-20^m, and a conductivity applying agent are mixed into a mix, 
and a positive electrode 2 is formed with the mix. The positive electrode 2, 




a negative electrode 1, and a separator are stored in containers 5, 6, an , q g 

electrolyte is filled, then the containers 5, 6 are sealed to manufacture a 
battery. When the phosphorus having a small ion diameter is used for the 
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positive electrode active material, a high potential and a high energy density can be obtained, uniform and proper 
voids are formed, the capacity of the positive electrode 2 is increased, and the dispersion of the discharge voltage 
and the breakage of the positive electrode 2 can suppressed. 
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Japan Patent 0££ice is not responsible for any 
damages caused by the use of this translation* 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The lithium secondary battery which consists of the positive electrode with which it consists of at least one 
sort chosen from the group which consists of the phosphate of a lithium, the phosphate of lithium cobalt, cobalt oxide, 
and lithium cobalt oxide, and a lithium, cobalt, and the content of Lynn become considering the matter with which 
cobalt exceeds 0.1 mols to one mol of lithiums, and Lynn exceeds 0.2 mols as positive active material, a negative 

electrode, and an electrolyte, 

[Claim 2] The Hthium secondary battery with which it consists of mixture with the phosphate of a lithium, the phosphate 
of lithium cobalt, cobalt oxide, and lithium cobalt oxide, and a lithium, cobalt, and the content of Lynn consist of the 
positive electrode which becomes to one mol of lithiums considering the matter whose cobalt is 0.2-1.75 mols, and 
whose Lynn is 0.25-1.8 mols as positive active material, a negative electrode, and an electrolyte. 
[Claim 3] positive active material - amorphous — the lithium secondary battery according to claim 1 or 2 which is the 
thing it comes-izing [ thing ]. 

[Claim 4] The lithium secondary battery according to claim 1 or 2 with which positive active material comes to prepare 
a mean diameter to 0.01-20 micrometers. 

[Claim 5] The lithium secondary battery according to claim 1 or 2 with which positive active material comes to prepare 
a BET specific surface area to 1 -1 000ni2 / g. 

[Claim 6] A lithium secondary battery [ equipped with the positive electrode formed by the positive active material of 
claim 1, and the binder and the conductive grant agent which have positive active material 0.02 to 20 times the particle 
size of this ] according to claim 1 or 2. 

[Claim 7] A lithium secondary battery [ equipped with the positive electrode which has 25 - 60% of voidage ] according 
to claim 1 or 2. 

[Claim 8] The lithium secondary battery according to claim 1 or 2 which forms the lithium ion conductivity 
polymerization film in the electrode surface where a negative electrode consists of a metal lithium or a lithium alloy by 
the plasma-CVD method. 

[Claim 9] The lithium secondary battery according to claim 1 or 2 whose negative electrode is the thing to which make 
the front face of a metal lithium electrode come to carry out electrocrystallization of a lithium, the metal which can be 
alloyed, and the lithium ion. 

[Claim 10] d002 in the hollow-like carbon molecule and X-ray analysis as which a negative electrode is expressed in a 
molecular formula Cn (n>=60) Lithium secondary battery according to claim 1 or 2 which is the carbon system 
electrode which consists of at least one sort chosen from the group which consists of an organic substance baking object 
and graphite 3.37 A or more. 

[Claim 11] The lithium secondary battery according to claim 1 or 2 which is the electrolytic solution which comes to 
carry out 0.1-10 ml/1 addition of at least one sort chosen from the group which an electrolyte becomes from a partial 
saturation heterocycle-like compound, aromatic hydrocarbon, or cycloparaffine to the lithium system electrode with 
which a negative electrode consists of a metal lithium or a lithium alloy. 

[Claim 12] The lithium secondary battery according to claim 1 or 2 which is the electrolytic solution with which an 
electrolyte consists of a sulfolane and/or ethylene carbonate, and a hypoviscosity organic solvent. 
[Claim 13] The lithium secondary battery according to claim 1 or 2 whose electrolyte is a solid electrolyte which made 
the electrolyte contain in a polymer. 

[Claim 14] The lithium secondary battery according to claim 1 or 2 which is the solid electrolyte which made the porous 
body in which the average aperture which an electrolyte becomes from the polar unit content polymer over which the 
bridge was constructed has 50 micrometers or less contain an electrolyte. 

[Claim 15] The lithium secondary battery according to claim 1 or 2 whose electrolyte is a gel electrolyte which makes 
http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww4.ipdl.jpo.go.jp^^^^ 6/16/2004 



organogel come to contain an electrolyte. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the lithium secondary battery which is excellent in a cycle property 
while it is equipped with the positive electrode which consists of positive active material of the high energy consistency 
used suitable for a lithixmi secondary battery and has a high energy consistency with high electromotive force and high 
discharge voltage. 
[0002] 

[Description of the Prior Art] ** with the small rate of ** self-discharge with large ** output density with large ** 
energy density as engine performance generally required of a rechargeable battery ~ it is mentioned that there are many 
counts (cycle life) of repeatable of** charge and discharge with cheap high ** energy efficiency etc. In order to 
develop the rechargeable battery which has such engine performance, many ingredients are examined as a positive- 
electrode electrode or a negative-electrode electrode. Operating temperature limits of a lithium secondary battery are 
wide, and its discharge voltage is stable, and it is known as a high energy consistency cell which has many advantages 
which say that the rate of self-discharge is very small. In order to obtain such a high energy consistency cell, using 
LiCo02 with a high electromotive voltage as positive active material is examined [KMizushima etal., MAT.Res.BulL, 
and 15,783 (1980) reference]. 

[0003] furthermore, the above LiCo02 [T.Ohzuku et al., ChemistryExpress, and 5,733 (1990) reference] by which 
transition metals, for example, come out and transpose to nickel, are tried in a part of Co. 

[0004] 

[Problem(s) to be Solved by the Invention] However, the above LiCo02 When the quality of system oxide is used as 
positive active material, discharge capacity is small, and a lithium cell is inferior to a cycle property, and its capacity 
degradation is remarkable. On the other hand, it is the above LiCo02. Discharge voltage is LiCo02, although discharge 
capacity becomes large when the quality of an oxide which replaced a part of Co with transition metals is used as 
positive active material. Since it falls, it is disadvantageous in order to obtain the rechargeable battery of a high energy 
consistency. Thus, LiCo02 Even if it uses the quality of an oxide which replaced the quality of a system oxide, or a part 
of this Co with transition metals as positive active material, an energy density is low, and since it is inferior to a cycle 
property, a commercial scene is still inadequate for obtaining the lithium secondary battery of the high energy 
consistency to demand. 

[0005] On the other hand, it has the layer structure as positive active material which improves a cycle property, general 
formula Ax By Cz Dw 02 However, A is at least one sort chosen from alkali metal. [ - B is transition metals and C is at 
least one sort chosen from the group of aluminum, In, and Sn. D Alkali metal other than (a) A, transition metals other 
than (b) B, (c) Ila group element, (d) The element [ of the III b group except aluminum. In, Sn, carbon, nitrogen, and 
oxygen, an IVb group, Vb group, and a VIb group ] of the 2nd - the 6th period, expressing at least one sort chosen from 
****, x, and y, z and w express the number of each 0.05<=x<=1.10, 0.85<=y<=1.00, 0.001<=z<=0.10, and 0.001 
<=w<=0.10**s. ] It comes out and the oxide shown is known (refer to JP,63-121258,A). Although the specific oxide 
used as the above-mentioned positive active material was chosen from the group of aluminum, In, and Sn of the above- 
mentioned C component, and it is especially said by work of the above-mentioned C component that its cycle nature of 
a lithium cell improves since at least one sort is contained indispensable, it is still inadequate for satisfying the energy 
density which a commercial scene requires also with this lithium cell. 

[0006] The object of this invention is to offer a lithium secondary battery equipped with the positive electrode which 
consists of positive active material of the high energy consistency which can solve the problem like the above. 
Moreover, other objects of this invention are offering the lithium secondary battery which is excellent in a cycle 
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property while they are equipped with the positive electrode which consists of positive active material of a high energy 

consistency and have high electromotive force and high discharge voltage. 

[0007] 

[Means for Solving the Problem] In order to obtain the lithium secondary battery of a high energy consistency, a 
negative-electrode lithium has the lowest potential, and since atomic weight is also high capacity small, it is important 
how a positive electrode is made into high potential and high capacity. Since the capacity of a positive electrode is 
inevitably determined by the formula weight of one mol of lithiums, and the compound which reacts, it is important for 
it to consider as the positive electrode used as high potential. Electrode potential is theoretically determined by free 
energy and the energy difference of a negative electrode and a positive electrode serves as electromotive force as a cell. 
However, although the thermodynamic data in simple systems, such as a lithium and zinc, are known, the actual 
condition is that thermodynamic data used as a positive electrode of a lithium cell, such as oxide and chalcogenide, are 
not fully known. 

[0008] As a result of repeating research in the oxide used for the positive active material of a lithium cell paying 
attention to the relation between the ionic radius of a cation, and potential in looking for the positive electrode of high 
potential, this invention person etc. found out that there was an inclination which becomes high potential, so that the 
cation radius was small. When especially Lynn's being equipped with the physical properties for which it was originally 
suitable as positive active material among matter with a small ionic radius above all, and the matter which contains this 
Lynn further were used as positive active material, it found out high potential and that a high energy consistency could 
be formed for the lithium cell. 

[0009] This invention is completed based on the above-mentioned knowledge, the lithium secondary battery of this 
invention consists of at least one sort chosen from the group which consists of the phosphate of a lithium, the phosphate 
of lithium cobalt, cobalt oxide, and lithium cobalt oxide, and cobalt exceeds 0.1 mols to one mol of lithiums, and a 
lithium, cobalt, and the content of Lynn consist of the positive electrode with which Lynn becomes considering the 
matter exceeding 0.2 mols as positive active material, a negative electrode, and an electrolyte, this invention ~ the 
above-mentioned positive active material ~ amorphous - it is desirable to use the thing which the thing it comes-izing 
[ thing ], and mean particle diameter are prepared by 0.01-20 micrometers, and 1-I000m2 / g comes to prepare in a BET 
specific surface area, moreover, the positive electrode which consists of positive active material which has the above- 
mentioned specific particle size, and the binder and the conductive grant agent which have positive active material 0.02 
to 20 times the particle size of this ~ it is desirable for a positive electrode to be formed from a mixture, and to form that 
positive electrode so that it may have 25 - 60% of voidage. 

[0010] Hereafter, this invention is explained more to a detail. This invention is characterized by consisting of at least 
one sort chosen from the group which consists of the phosphate of a lithium, the phosphate of lithium cobalt, cobalt 
oxide, and lithium cobalt oxide, and a lithium, cobalt, and the content of Lynn using the matter with which cobalt 
exceeds 0.1 mols to one mol of lithiums, and Lynn exceeds 0.2 mols as positive active material of a lithium secondary 
battery. This positive active material mixes salts, such as each simple substance of Li, Co, and P or its oxide, a 
hydroxide, a carbonate, a nitrate, and an organic-acid salt, or an organic compound so that it may become a lithium, 
cobalt, and a mole ratio (atomic ratio) predetermined [ above-mentioned ] in Lynn, and it can manufacture it suitably by 
approaches, such as the conventional ceramic manufacturing method, for example, a solid phase technique, a sintering 
process, a sol-gel method, a CVD method, PVD, a spraying process, and a thermal decomposition method. In the case of 
a sintering process if it explains concretely, after ****(ing) the every place quantum of Li2 C03 (lithium carbonate), 
2CoC03 and 3Co(OH)2, and (basic cobalt carbonate) H3 P04 (85% phosphoric-acid water solution) to a crucible, for 
example and fiilly mixing Heat-treatment is performed at 600-1200 degrees C for 3 to 24 hours, and if needed, 
subsequently to the particle size of a request of the quality of a product it grinds, and is obtained. 
[00 11] The structure of the quality of a product obtained in the above-mentioned example can be checked by 
approaches, such as an X-ray diffraction method, an electron ray diffraction method, and electron microscope 
observation. When the quality of a up Norio product is identified with a powder X-ray diffraction method, specifically, 
it turns out that the quality of a up Norio product consists of the phosphate of a lithium, the phosphate of lithium cobalt, 
cobalt oxide, and mixture containing the oxide of lithium cobalt. The coin mold lithium cell which shows each single 
matter which constitutes the above-mentioned mixture to drawin g 1 by making it into positive active material was 
produced, and when constant-current charge was performed by 0.5mA for 6 hours and open-circuit voltage (OCV) was 
measured after the 1-hour pause, the result shown in a table 1 was obtained. 
[0012] 
[A table 1] 
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3. 9 




4. 1 



[0013] It became clear that the phosphate of lithium cobalt showed high open-circuit voltage especially so that clearly 
from tfiis table 1. 

[0014] As phosphate of the above-mentioned lithium, although the salt of a lithium and phosphoric acids, such as a 
metaphosphoric acid, a pyrophosphoric acid, orthophosphoric acid, triphosphoric acid, and 4 phosphoric acids, is 
mentioned, for example, especially a desirable thing is orthophosphoric acid of a lithium, moreover - as the phosphate 
of lithium cobalt - Li2 CoP05, LiCoP04, LiCo 0.9P0.1O2, and LiCo 0.5P0.5O2 etc, although mentioned - 
especially a desirable thing — LiCoP04 it is . moreover — as a cobalt oxide — CoO, Co 203, Co02, and Co 304 etc. ~ 
although mentioned - especially a desirable thing ~ Co 304 it is . moreover - as a lithium cobalt oxide - LiCo02, Li6 
Co04, Li0.73CoO2, and Li0.63CoO2 etc. although mentioned - especially a desirable thing - LiCo02 it is . 
[0015] In the lithium secondary battery of this invention, the phosphate of the above-mentioned lithium, the phosphate 
of lithium cobalt, Consist of at least one sort chosen from the group which consists of cobalt oxide and oxide of lithium 
cobalt, and although a lithium, cobalt, and the content of Lynn use the matter with which cobalt exceeds 0.1 mols to one 
mol of lithiums, and Lynn exceeds 0.2 mols as positive active material As long as it is filling the above-mentioned mole 
ratio, you may be independent or two or more sorts of mixture, for example, the phosphate of lithium cobalt ~ being 
independent - moreover, for example, cobalt oxide and two sorts of mixture of a lithium which combines phosphate or 
the phosphate of lithium cobalt ~ AH four sorts of mixture can be used for three sorts of mixture and the pan which are 
combined with a cobalt oxide and two sorts of other matter. Among these, if three or more sorts of mixture is used, since 
a lithium secondary battery will be made more into high electromotive force, it is desirable, and especially the mixture 
that contains three sorts of the phosphate of cobalt oxide and a lithium and the phosphate of lithium cobalt at least is 
desirable. In addition, in this invention, salts, such as each simple substance of transition metals, such as nickel, Fe, Mn, 
Cr, and V, or its oxide, a hydroxide, a carbonate, a nitrate, and an organic-acid salt, or an organic compound may be 
added in manufacture of the above-mentioned positive active material. In this case, the matter which some cobalt of the 
above-mentioned cobalt inclusion permuted by the above-mentioned transition metals generates. 
[0016] In this invention, in the case of manufacture of the above-mentioned positive active material, it is important the 
amount in which cobalt exceeds 0.1 mols to one mol of lithiums, the amount in which Lynn exceeds 0.2 mols, and to 
use each raw material of the specified quantity so that cobalt may become 0.2-0.75 mols and Lynn may become 0.25-1 .8 
mols to one mol of lithiums preferably. By this, the phosphate of a lithium and/or the phosphate of lithium cobalt come 
to generate. In addition, if the number of mols of Lynn is 0.2 mols or less, the above-mentioned phosphate will not fiiUy 
generate and 1.8 mols will be exceeded, since the amount of lithiums decreases relatively, and the above-mentioned 
phosphate does not fiilly generate but discharge voltage falls, it is not desirable. Moreover, capacity becomes small and 
is not desirable, if the number of mols of cobalt is 0.1 mols or less, charge will become impossible and 0.75 mols will be 
exceeded. 

[0017] the positive electrode with which the lithium secondary battery of this invention consists of the above-mentioned 
positive active material, a conductive grant agent, and a binder at least - the positive electrode formed from a mixture is 
used. As a conductive grant agent, the ingredient with which both 6 polytetrafluoroethylene, polyvinylidene fluoride, 
and propylene fluoride, polyethylene, etc. are conventionally used for acetylene black, KETCHIEN black, etc. as a 
binder again can be used. 

[0018] the above-mentioned positive electrode — the blending ratio of coal of each component in a mixture - a 
conductive grant agent — 5 - 15 weight section - 7 - 12 weight section and a binder consist of the 0.5-15 weight 
section and a total of 100 weight sections which use 2-10 weight section and the remainder as the above-mentioned 
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po5>itive active material preferably preferably, it folly mixes with a ball mill, a mortar, etc., and this mixture is prepared, 
the above-mentioned positive electrode ~ in a mixture, if the loadings of a conductive grant agent or a binder are less 
than the above-mentioned minimum range, the conductivity of a positive electrode or reinforcement becomes 
imperfection and is not desirable. On the other hand, if the loadings of a conductive grant agent or a binder cross the 
above-mentioned upper limit range, since the relative amount of positive active material decreases, positive-electrode 
capacity falls and the energy density of a lithium cell decreases, it is not desirable. 

[0019] the positive electrode with which the positive electrode was mixed by the above-mentioned homogeneity - the 
configuration of arbitration, such as the shape of the shape of a sheet and film and disc-like, and magnitude fabricate a 
mixture by well-known approaches, such as compression molding and roll forming. 

[0020] production of the above-mentioned positive electrode - setting - the above-mentioned positive active material - 
a ball mill etc. - grinding - the mean particle diameter of 0.01-20 micrometers - desirable ~ 0.1-5 micrometers, and 
1000-lm 2 of BET specific surface areas / g - when it grinds so that it may be preferably set to 500-5m2 / g, 
dispersibility with a conductive grant agent or a binder improves, and positive-electrode capacity improves [ come ] and 
is desirable. In addition, each particle size of the above-mentioned conductive grant agent and a binder shows the 
diameter of an aggregated particle (diameter of condensation). 

[0021] Moreover, in the above-mentioned positive-electrode production, if an irregular big opening is generated in a 
positive electrode, the problem to which it is easy to produce a crack and the deficit section at the time of shaping of a 
positive electrode, and capacity becomes small will arise. In this invention, in order to control generating of the above- 
mentioned problem, the thing of the above-mentioned quality of a multiple oxide which an irregular big opening will 
produce in a positive electrode if it is prepared and used 0.1 to 5 times preferably can control the particle size of an 
electrical conducting material and a binder 0.02 to 20 times, and a moderate opening is formed. Therefore, since the 
capacity of a positive electrode comes to improve, and generating of a crack or the deficit section is controlled by this 
positive electrode and the moldability of a positive electrode comes to improve, it is desirable. 
[0022] The voidage of the above-mentioned positive electrode can be formed in desired voidage by controlling the 
burning temperature and firing time at the time of positive-electrode production. Since the amount of Li ion which it 
will incorporate to it per unit volume of a positive electrode if voidage forms 40 - 55% of uniform opening in a positive 
electrode preferably 25 to 60% can be made [ many ] and a lithium secondary battery can be forther miniaturized as 
possible in high-capacity-izing, it is desirable. Thus, by forming a proper opening in a positive electrode, the surface 
area of a positive electrode can be increased and-izing of the positive electrode can be carried out [ high capacity ]. 
Therefore, it becomes possible to form a lithium cell into a high energy consistency, without making a positive electrode 
enlarge. 

[0023] Moreover, if a positive electrode is produced in this invention by using as positive active material the above- 
mentioned oxide which amorphous(amorphous )-comes to turn, since the insertion point of a lithium ion becomes 
irregular and it comes to be able to make [ many ] the amount of insertion of a lithium ion, it is desirable. Usually, 
thermodynamically, the site which can intercalate a lithium ion in the structure of positive active material became a 
regular array, and the lithium insertion point was decided by the stable crystalline substance. However, if the oxide 
made amorphous as positive active material is used, the amount of lithium ions which the insertion point of a lithium ion 
becomes irregular and can be inserted can be made to increase. Since the site which can insert a lithium ion in a positive 
electrode increases, a positive electrode is high-capacity-ized. Therefore, it becomes possible to form a lithium cell into 
a high energy consistency. 

[0024] This amorphous-ization is made by the approach of quenching after liquefying the approach and oxide which 
perform sputtering by using the above-mentioned oxide as a powder target, the approach (mechanical alloy) of 
pulverizing mechanically, etc. In order to use a high-melting oxide in this invention, operation of the sputtering method 
is desirable. That the oxide was made amorphous analyzes by X-ray diffraction and it can be checked by a sharp peak 
not being observed. 

[0025] The lithium cell of this invention consists of an above-mentioned positive electrode, a negative electrode, and an 
electrolyte. As a negative electrode, lithium content compounds, such as poly para-phenylene which made a lithium 
alloy or lithium ions, such as a metal lithium, Li-aluminum, Li-aluminum-Mg, and Li-C, dope, polyacethylene, the poly 
thiophene, and the poly acene, the carbon system ingredient which made the lithium ion dope can be used. 
[0026] As described above, when a lithium system electrode is used as a negative electrode in a lithium secondary 
battery, since a lithium metal electrode is activity, by the repeat of charge and discharge, it is easy to generate a dendrite 
and a cycle life falls. Then, it is desirable to use the negative electrode which performs processing which can control 
generating of a dendrite in this invention to the negative electrode which can be equivalent to the above-mentioned 
positive electrode, or can inhibit generating of a dendrite. 
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[0027] In this invention, when using the above-mentioned lithium system electrode as a negative electrode, and the 
polymerization film of lithium ion conductivity formed in the front face of this lithium system electrode by the plasma- 
CVD method is formed, generating of a dendrite can be controlled and it is desirable. Although what forms a 
polysiloxane by polymerizations, such as octamethylcyclotetrasiloxane, hexa methyl disiloxane, hexa methyl 
cyclosiloxane, and an ethyl silicate, is mentioned that to show lithium ion conductivity and what is necessary is just a 
metal lithium and the ingredient which cannot react easily as a formation ingredient of the above-mentioned 
polymerization film, it is not limited to this. 

[0028] Moreover, when it is the lithium system electrode which carried out electrocrystallization of a lithium, the metal 
which can be alloyed, and the lithium ion on the metal lithium in this invention, generating of a dendrite can be 
controlled and it is desirable. As the lithium used for the above-mentioned electrocrystallization, and a metal which can 
be alloyed, particle-like boron, aluminum, silver, zinc, tin, etc. are mentioned, and about 0.01-10 micrometers 100 
micrometers or less are preferably suitable for the particle size. The above-mentioned electrocrystallization is made by 
connecting other proper electrodes to a positive electrode by using the metal lithium for electrode formation as a 
negative electrode, and impressing an electrical potential difference among two poles into the electrolytic solution 
which carried out addition distribution of the arbitrary dose of the above-mentioned metal particle. Although the 
variance of the particle of the above-mentioned metal is determined suitably, 50 - 300 atom extent is usually preferably 
suitable for it five to 500 atom per lithium ion 100 atom. Of the above-mentioned electrocrystallization, the 
electrocrystallization layer in which ttie lithium ion and the metal particle were intermingled is formed on a metal 
lithium. Although the thickness of this electrocrystallization layer can be adjusted to desired thickness by changing 
applied voltage, electrolysis time amount, etc., in this invention, 0.1-300-micrometer about 5-50 micrometers are 
usually preferably suitable for it. 

[0029] Moreover, in this invention, the specific carbon system negative-electrode material which changes to a lithium 
system electrode and is shown below as the above-mentioned negative electrode can be used. When this carbon system 
negative-electrode material is used, without reducing the energy density in a rechargeable battery, a dendrite can be 
inhibited and it is desirable. As this carbon system negative-electrode electrode material, it is d002 in the hoUow-Hke 
carbon molecule and X-ray analysis which are expressed with a molecular formula Cn (n>=60). An organic substance 
baking object or graphite 3.3 7 A or more is mentioned. 

[0030] As shown in drawing 2 , the above-mentioned hollow-like carbon molecule has the structure which the carbon 
atom comrade joined together and formed the closed system, and, generally is called fiiUerene. In this drawing, (a) 
shows the fullerene of C60 and (b) shows the structure of the fiillerene of C70. Although all can be used if it is the 
hollow-like carbon molecule which has the structure which it was satisfied with this invention of the molecular formula 
Cn (n>=60), and the carbon atom comrade joined together, and formed the closed system, that in which the carbon 
number shown especially by drawi ng 2 has 60 and 70 can use it suitably. Moreover, in this invention, it can also be used 
as the above-mentioned hollow-like carbon molecule combining two or more sorts of things fi'om which a carbon 
atomic number differs. 

[0031] Moreover, said organic substance baking object is acquired by the pyrolysis of various organic compounds, or 
baking carbonization, and, specifically, are a vapor growth carbon fiber, a pitch system carbonaceous ingredient, etc. 
The above-mentioned vapor growth carbon fiber is obtained by canying out the gaseous-phase pyrolysis of the carbon 
compounds, such as benzene, methane, and a carbon monoxide, under existence of a transition metal catalyst etc. 
Although you may use as fibrous as it is, this vapor growth carbon fiber may be ground and may be used as the shape of 
a powder. Moreover, the pitch obtained as the above-mentioned pitch system carbonaceous ingredient by the pyrolysis 
of organic low molecular weight compounds, such as petroleum, such as a petroleum pitch, an asphalt pitch, a coal-tar 
pitch, a crude-oil-cracking pitch, and a petroleum sludge pitch, a pitch obtained by the carbonaceous pyrolysis, a pitch 
obtained by the pyrolysis of a giant-molecule polymer, and tetra-benzo phenazine, is mentioned. Moreover, as the 
above-mentioned graphite, the thing of well-known nature or composition can be used. d002 [ in / among the above- 
mentioned organic substance baking objects / at this invention / X-ray analysis ] A thing or graphite 3.37A or more is 
used. 

[0032] The above-mentioned carbon negative-electrode material is prepared by suitable particle size, and is fabricated 
and used for the configuration of arbitration, and magnitude by grinding etc. by suitable approaches, such as 
compression molding and roll forming, after mixing with a binder. 

[0033] It is required to dissolve in an organic non-aqueous solvent and to show sufficient ion conductivity as the above- 
mentioned electrolyte, it has Li ion at least, and the electrolyte salt combined with this and the anion fi-om which itself 
does not start electrode reaction at the time of charge or discharge is used, as the anion which fiilfiUs this condition - 
C104- A Broensted acid anion [ like ], BF4-, and PF6- etc. - Lewis acid anion and CF3 S03- An organic-acid anion 
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[ like ] etc. is mentioned. The electrolytic solution dissolves one sort of the above-mentioned electrolyte, or two sorts or 
more in organic solvents, such as ethylene carbonate, propylene carbonate, dimethyl sulfoxide, a sulfolane, gamma- 
butyrolactone, 1, 2-dimethoxyethane, N.N-dimethylformamide, a tetrahydrofuran, 1, 3-dioxolane, 2-methyl 
tetrahydrofuran, diethylether, and such mixture, and is usually prepared and used for the concentration of 0.1-3 mols/1. 
[0034] In the lithium secondary battery of this invention, when a lithium system electrode is used as a negative electrode 
and a partial saturation heterocycle-like compound, aromatic hydrocarbon, or cycloparaffine is added to the above- 
mentioned electrolytic solution, it controls that a dendrite occurs in this lithium system negative-electrode electrode now 
and is desirable. As the above-mentioned partial saturation heterocycle-like compound, a thiophene, a pyrrole, a furan, 
etc. are mentioned, for example. Moreover, as aromatic hydrocarbon, benzene, naphthalene, etc. are mentioned, for 
example. Moreover, as cycloparaffine, a cyclohexane etc. is mentioned, for example. One sort or two sorts or more can 
be used for this additive, and 0.1-10 ml/1 is suitable for the addition based on the concentration which can set the 
electrolytic solution. It is not effective in dendrite control in the above-mentioned addition being less than 0.1 ml/1, and 
if 1. is exceeded in 10ml /, the charge-and-discharge effectiveness falls and is not desirable. 

[0035] Moreover, the lithium secondary battery of this invention is high electromotive force, and since it charges by 
high tension, it is desirable [ a lithiimi secondary battery ] to use the electrolytic solution which cannot be easily 
disassembled by this high-tension charge, either. As such the electrolytic solution, what combined a sulfolane and/or 
ethylene carbonate, and a hypoviscosity organic solvent is suitable. It is about lOcps, and in the ordinary temperature in 
which ethylene carbonate has a high dielectric constant (about 90) and a superresolution electrical potential difference 
(more than 6V), the viscosity in which the above-mentioned sulfolane has a high dielectric constant (about 44) and a 
superresolution electrical potential difference (6V) is a solid thing, and makes it large at a potential window to lithium 
plus-side, respectively. As for the organic solvent of hypoviscosity, viscosity is desirable, dilutes a sulfolane and 
ethylene carbonate, and, in the viscosity of the electrolytic solution, a thing Icps or less raises [ viscosity ] lowering and 
conductivity. As an organic solvent of this hypoviscosity, methyl formate, methyl acetate, dimethyl carbonate, diethyl 
carbonate, 1, 2-dimethoxyethane, N.N-dimethylformamide, a tetrahydrofuran, 1, 3-dioxolane, 2-methyl tetrahydrofiiran, 
diethylether, etc. are mentioned, for example, and the dimethyl carbonate which is excellent in especially ionic 
conduction nature, diethyl carbonate, etc. are used suitably. 

[0036] the blending ratio of coal of the sulfolane of the above-mentioned mixed solvent, and/or the organic solvent of 
ethylene carbonate and hypoviscosity ~ sulfolane and/or 20 to ethylene carbonate 80 capacity %, and 80 to organic 
solvent 20 capacity [ of hypoviscosity ] % - organic solvent 60-30 capacity % combination of sulfolane and/or 40 to 
ethylene carbonate 70 capacity % and hypoviscosity is done preferably. In this case, it is not desirable in order for 
electrolytic decomposition voltage not to become it high enough that ttie loadings of a sulfolane and/or ethylene 
carbonate are under 20 capacity % and for a dielectric constant not to improve, either. Moreover, if the loadings of a 
sulfolane and/or ethylene carbonate exceed 80 capacity %, since electrolytic viscosity is high and ionic conduction 
nature falls, it is not desirable. 

[0037] If the above-mentioned mixed organic solvent is used, it will enable it to be controlled, to be able to charge a 
lithium cell now by high tension, to stabilize that an electrolyte decomposes many times and to repeat charge and 
discharge moreover, also with high tension. In addition, the lithium sah concentration in the electrolytic solution is 
usually prepared [ 1. ] in 0.1-3 mols /, although suitably determined according to a gestalt, engine performance, etc. of a 
cell. 

[0038] In production of a lithium cell, it is used with the gestalt of the solid electrolyte which uses the above-mentioned 
electroljrtic solution as it is, or carries out impregnation, for example to a proper polymer or a porosity base material, or 
the gestalt of the gel electrolyte which carries out impregnation to the gel matter, and the activity gestalt is arbitrary. 
[0039] In the case of the solid electrolj^e which makes a polymer film come to contain an electrolyte, as a polymer, 
polyethylene oxide, polypropylene oxide, polyphosphazene, the poly aziridine, a polyethylene sulfide, etc. are further 
mentioned for these derivatives, mixture, complex, etc. A solid electrolyte is produced by mixing the above-mentioned 
electrolyte to the above-mentioned poljmfier, and fabricating a film by the stock-in-trade. At this time, it considers as the 
porous body which fabricated the above-mentioned poljoner film to porosity, and may be made to carry out 
impregnation of the above-mentioned electrolytic solution to this. 

[0040] Moreover, as for this porosity base material, it is desirable for the average aperture which consists of a polar unit 
content polymer over which the bridge was constructed to make 50 micrometers or less the porous body which has 0.01- 
10 micrometers preferably. After formation of this porous body carries out bridge formation processing of the 
compound polymer containing a polar unit content polymer and a nonpolar polymer under existence of a cross linking 
agent, it is made by removing a nonpolar polymer. A solid electrolyte makes this porous body contain the electrolytic 
solution, and is obtained. 
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[0041] As the above-mentioned polar unit content polymer, the polymer which has polar units, such as a ether group and 
hydroxyl, is used. Although there is especially no definition about the class, generally polyethylene oxide, 
polypropylene oxide, an ethylene oxide propylene oxide copolymer, polyvinyl alcohol, a vinyl alcohol alkylene oxide 
copolymer, etc. are mentioned. 85% or more extent is preferably suitable for whenever [ in polyvinyl alcohol and a 
vinyl alcohol alkylene oxide copolymer / saponification ] 70% or more, although molecular weight of the polar unit 
content polymer to be used is not limited especially since it is used as a bridge formation object ~ the point of the 
preparation nature of a compound polymer - general - 5 million or less desirable ~ 01000- about 1 million are 
suitable. 

[0042] As a nonpolar polymer, it does not dissolve with a polar unit content polymer, or a scarce thing is used for 
compatibility. Generally polyisoprene rubber, polybutadiene, a hydrocarbon system polymer, an aromatic series 
polymer that does not have a polar unit like polystyrene, etc. are used, although especially the molecular weight of this 
nonpolar polymer is not limited ~ points, such as the preparation nature of a compound polymer, and clearance nature, - 
- general ~ 5 million or less ~ desirable - 01000- about 1 million are suitable. 

[0043] A compound polymer can be prepared in a proper form so that formation of the porous body by alternative 
clearance of a nonpolar polymer may be possible. Functional groups, such as a carboxyl group and an amino group, are 
introduced into the approach of kneading a polar unit content polymer and a nonpolar polymer through a roll etc. as the 
example, the approach of carrying out stirring mixing through a solvent, and a polymer end, and the method of making a 
polar unit content polymer and a nonpolar polymer meet through the functional group of a molecule end if needed by a 
metal system chelating agent like a copper chloride etc., especially the block-copolymer-ized approach by meeting of 
macro monomers, etc. are mentioned. The block-copolymer-ized approach is more desirable than the point of the 
plasticity of a precise porous body. 

[0044] The content rate of the polar unit content polymer and nonpolar polymer in a compound polymer is suitably 
determined by the voidage in the porosity electrolyte base for the purpose of formation etc. general - per [ 10 ] polar 
unit content polymer 100 weight section - the 1000 weight sections - desirable - the 20 - 500 weight section — it 
considers as the content rate of the nonpolar polymer of the 30 - 200 weight section preferably especially. 
[0045] The prepared compound polymer removes a nonpolar polymer, after carrying out bridge formation processing of 
the polar unit content polymer under existence of a cross linking agent next. Thereby, the porosity electrolyte base is 
obtained. Therefore, a compound polymer can be suitably fabricated according to the gestalt of the porosity electrolyte 
base made into the object, and the above-mentioned bridge formation processing can be presented with it. Although the 
shaping gestalt is arbitrary, it considers as gestalten, such as fiber for generally obtaining a film thru/or a sheet, or a 
nonwoven fabric. Although the thickness can be suitably determined when considering as the gestalt of a film thru/or a 
sheet incidentally, about 10- 1mm is usually preferably suitable 5mm or less. 

[0046] Although the cross linking agent for carrying out bridge formation processing of the polar unit content polymer 
in a compound polymer may be added in the proper phase the time of preparation of for example, a compound polymer, 
and after preparation, the cross linking agent to be used has the desirable thing over which a nonpolar polymer is not 
made to construct a bridge as much as possible than the point of consecutive clearance processing. Organic peroxide 
like JIKUMIRU peroxide etc. is mentioned as an example of a desirable cross linking agent. Although the amount of the 
cross linking agent used has per polar unit content polymer 100 weight section and common 0.1-20 weight section, it is 
not limited to this. 

[0047] Clearance processing of the nonpolar polymer in the compound polymer after bridge formation processing can 
be performed by the approach that the extract approach by the solvent which can solve the meeting in the case of 
meeting through the ozonolysis approach in the case of having the extract approach by the solvent and a double bond 
and an end functional group etc. is proper. 

[0048] A solid electrolyte makes the porosity electrolyte base which consists of a polar unit content polymer by which 
bridge formation processing was carried out contain an electrolyte. ****** which for example, the porosity electrolyte 
base is made to carry out impregnation of an electrolytic solution, especially an electrolj^ic organic solvent solution, and 
carries out desiccation processing can perform processing for making an electrolyte contain. 

[0049] Moreover, the base material which serves as a separator like a glass filter as the above-mentioned porosity base 
material is mentioned, you make it sunk in or filled up with the electrolytic solution into this porosity, and it is used as a 
solid electrolyte. 

[0050] Moreover, in this invention, it can consider as the gel electrolyte which makes the gel matter come to contain the 
electrolytic solution as an electrolyte. In this case, as gel matter, the organogel of polyvinyl alcohol and the organogel 
which consists of a constituent of polyvinyl alcohol and polyethylene oxide or/and a copolymer of vinyl alcohol and 
ethylene oxide are used. 
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[0051] As polyvinyl alcohol used for formation of organogel, it is 1000-3000 above all, and 500-5000 (weight-average- 
molecular-weight 22,000- 220,000), and the thing whenever [ saponification / whose ] is 85 - 99% above all 80% or 
more are preferably used for polymerization degree. If polymerization degree is too low, crystallinity will be high and it 
will be hard to gel it, and if too high, homogeneous organogel will be hard to be formed by buildup of solution 
viscosity. Moreover, at less than 80%, whenever [ saponification ] is lacking in coherent and it is hard to gel it to it by 
the steric hindrance by acetic-acid residue. The concentration of the polyvinyl alcohol in the solution for gelation has 10 
- 20 desirable % of the weight above all 30 or less % of the weight. 

[0052] As polyethylene oxide, there is especially no definition and, generally the thing of 10,000-1 million is used for 
weight average molecular weight above all about 2 million or less, the operating rate of polyethylene oxide - proper — 
you may determine — general — per polyvinyl alcohol 100 weight section and the 1 - 3000 weight section ~ above all - 
the 10 - 1000 weight section ~ it is the 30 - 300 weight section especially. In this invention, organogel practically 
sufficient also as a mixed polymer fi-om which the weight average molecular weight as the whole is set to about 500,000 
can be obtained. 

[0053] As a vinyl alcohol ethylene oxide copolymer, weight average molecular weight is 20,000-500,000, and 15% or 
less of thing has the content of the vinyl acetate unit in a copolymer more desirable than the point of gelation above all 
20% or less, the content rate of a vinyl alcohol unit (a vinyl acetate unit is included) - per [ 1-3000 ] ethylene oxide unit 
100 - above all ~ 10-1000 - especially 30-300 are common. In this invention, as well as the case of the aforementioned 
mixed polymer when weight average molecular weight is about 500,000, practically sufficient organogel can be 
obtained. The gestalt of a vinyl alcohol ethylene oxide copolymer may be arbitrary, may be a random copolymer, and 
may be a block copolymer. 

[0054] When using together polyvinyl alcohol, polyethylene oxide, and a vinyl alcohol ethylene oxide copolymer, it is 
desirable to consider as the presentation rate according to the mixed polymer described above based on the vinyl alcohol 
unit (a vinyl acetate unit is included) and the ethylene oxide unit. In addition, a vinyl alcohol ethylene oxide copolymer 
tends to obtain homogeneous organogel, and it can be used for it especially more preferably than the point between the 
molecules through the long chain by the amount of macromolecules of twining and coming out and being easy to obtain 
tough organogel. 

[0055] Formation of organogel can process fi-eezing and fusion, fi-eezing and desiccation, quenching, etc. in the water 
solution of a polymer (it is the same polyvinyl alcohol independence, polyvinyl alcohol, the mixed polymer of 
polyethylene oxide or/and a vinyl alcohol ethylene oxide copolymer, and the following), can obtain water gel, and can 
be performed by drying it, being immersed in an organic solvent and permuting water and an organic solvent. On the 
occasion of production of the conductor of the metal ion which is hard to be returned rather than a hydrogen ion, by 
water gel, since priority is given to electrolysis of water, the permutation to the organogel of water gel is because it does 
not fiinction as an electrolyte. 

[0056] Moreover, organogel can be formed also by the approach of making dissolve a polymer in the strong polar 
organic solvent like dimethyl sulfoxide, dimethylformamide, dimethylacetamide, and N-methyl pyrrolidone, and leaving 
it. In this case, there is an advantage which can carry out direct formation of the organogel. However, it can also 
permute by other organic solvents, such as propylene carbonate, for the purpose of improvement in ionic conductivity 
etc. Since the organogel by said approach does not contain an unreacted cross linking agent compared with what is 
depended on the optical exposure which used the cross linking agent, or heating, it has the advantage which is excellent 
in endurance thru/or electric-proof degradation nature, etc. 

[0057] In the above-mentioned approach, it is desirable to consider as 10 - 20% of the weight of polymer concentration 
above all 30 or less % of the weight. On the other hand, gelation can be promoted by adding a poorly soluble metal 
hydroxide to an alkali-metal salt, a transition-metals salt, or/and this organic solvent in the water solution or organic 
solvent solution of a polymer, and the manufacture effectiveness of water gel or organogel can be gathered. Moreover, 
gelation can be promoted also with the method which adds the metal salt of the other type which generates a poorly 
soluble metal hydroxide in the solution concerned, and is immersed into alkali solutions, such as a sodium hydroxide 
and a potassium hydroxide. In the case of the latter, the gelation object of a request gestalt can be formed by putting 
metal salt addition liquid into an opening container, and being immersed into an alkali solution. 

[0058] Halogenides, such as a chloride of the metal which incidentally generates the poorly soluble metal hydroxide like 
a poorly soluble metal hydroxide, iron, copper, chromium, calcium, and magnesium as an example of the 
aforementioned gelation accelerator to the organic solvent like sodium, a potassium, the halogenide of the alkali metal 
like a lithium and a hydroxide, iron, copper, nickel, chromium, titanium, molybdenum, the halogenide of the transition 
metals like a tungsten and a hydroxide, an iron hydroxide, copper hydroxide, chromium hydroxide, a calcium 
hydroxide, and a magnesium hydroxide, etc. raised 
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[0059] The amount of the gelation accelerator used has the 5 - 150 weight section, especially the common 20 - 100 
weight section above all below the 200 weight sections per polymer 100 weight section. In addition, when the salt which 
consists of transition metals as a gelation accelerator is used, there is an advantage in which the tough nature of the 
organogel obtained also raises and it deals. 

[0060] Therefore, the part which the amount of electrolytic [ used ] will be suitably determined by the existence of 
concomitant use of other gelation accelerators, remains as an electrolyte in the gel of a polymer in addition to the part 
which functions as the above-mentioned gelation accelerator, and contributes to ionic conduction is added. When 
lithium salt is incidentally used as an electrolyte which serves as a gelation accelerator, the property as an ion conductor 
is demonstrated to the hydroxyl which a polymer has by the activity of the lithium salt of 1/20 times or more (atomic 
ratio). 

[0061] The amount of electrolytes (ionic conduction amount contributed) which a gel electrolyte is made to contain in 
this invention is suitably determined according to the ionic conductivity made into the object, and, generally let it above 
all be 5 - 50 weight section below the 100 weight sections per the 100 weight section based on a polymer. 
[0062] In case a gel electrolyte forms the water gel or organogel of polyvinyl alcohol by the approach of making the 
organic solvent containing an electrolyte in case the water gel of polyvinyl alcohol is permuted by organogel, the 
approach the organic solvent containing an electrolyte permutes tiie organic solvent in organogel, or the above- 
mentioned approach, it is prepared by the approach of blending an electrolyte with the polyvinyl alcohol solution etc. In 
the above-mentioned case, a gel electrolyte is obtained with formation of the water gel of polyvinyl alcohol, or 
organogel. In addition, in the case of water gel, while the electrolyte had been made to hold by permutation actuation of 
a solvent, it can consider as organogel. 

[0063] In addition, when the electrolyte added in said approach functions also as a gelation accelerator like lithium salt, 
since the part does not contribute to ionic conduction, the thing to which an electrolytic lithium ion can contribute to 
desired ionic conduction into the water gel of Fori obtained or organogel and which is adjusted so that amount existence 
may be recognized is desirable [ a part ]. 

[0064] In this invention, although the above-mentioned solid electrolyte or a gel electrolyte can be formed in the gestalt 
of arbitration, it is usually made into the gestalt of a film, a sheet, etc. In this case, although that thickness is determined 
suitably, about 1-100 micrometers 500 micrometers or less are usually preferably suitable. In addition, as for the above- 
mentioned gel electrolyte, it is desirable to prepare so that a superfluous organic solvent may be removed, and it may 
ooze by approaches, such as reduced pressure drying of several hours, on the occasion of practical use if needed, for 
example, ** may not arise. 

[0065] According to the above-mentioned gel electrolyte, the organogel which uses polyvinyl alcohol or vinyl alcohol, 
and ethylene oxide as a component shows a rubber-like property, and can form easily practically enough films which it 
pulls, and has mechanical strengths, such as bending and a twist, and thin film formation is also easy, are flexible, and 
are excellent in deformans, and a sheet. Moreover, having that the crystallinity of polyvinyl alcohol falls rather than a 
solid state, the solubility of the outstanding lithium ion according to a vinyl alcohol component further, and the 
conductivity of the outstanding lithium ion through the active segmental motion by the ethylene oxide component, and 
since it is the gel state, and crystallinity falls according to concomitant use of both the above-mentioned components 
further and amorphous nature improves, if this gel electrolyte is used, good adhesion with an electrode can be shown 
and whenever [ ionic conduction ] can be raised. 

[0066] In this invention, an assembly lithium secondary battery is produced in the configuration which shows the above- 
mentioned positive electrode, a negative electrode, and an electrolyte to drawing.! . In this drawing, D is a lithium 
secondary battery, makes a separator 3 intervene between a positive electrode 2 and a negative electrode 1, and has 
composition which closed the positive-electrode can 6 which carries out a pressure welding to charge collector 4a 
formed in the lateral surface of the above-mentioned positive electrode 2, and the negative-electrode cap 5 which carries 
out a pressure welding to charge collector 4b formed in the lateral surface of a negative electrode 1 with the insulator 7. 
In addition, it makes [ to high capacity / come ] further and is desirable when it is the configuration which forms a 
positive electrode, a separator (or solid electrolyte), a negative electrode, etc. in the shape of a sheet, and rolls them in 
the shape of a roll in a lithium secondary battery. 
[0067] 

[Function] In this invention, since the positive active material which the compound which has Lynn where formula 
weight is smaller than transition metals with a small ionic radius contains is used, the positive electrode produced from 
this positive active material can carry out [ lightweight ]-izing, and its amount of incorporation of Li ion increases in per 
unit weight. Moreover, if the above-mentioned positive active material is made amorphous and used, the site which can 
insert Li ion will come to increase. Moreover, if voidage forms in a positive electrode the opening which is 25 - 60%, 
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the amount of incorporation of a positive electrode of Li ion will increase in per unit volume, thus - since the positive 
electrode of high capacity is producible - the positive electrode of this high capacity - using - Li+ which incorporates 
a lithium cell to per unit volume and weight Aii amount increases and a high energy consistency is formed. 
[0068] Moreover, if the above-mentioned positive active material is prepared to a specific particle size and a BET 
specific surface area, and an electrical conducting material and a binder are prepared to a specific particle size to the 
particle size of the above-mentioned quality of a multiple oxide and a positive electrode is produced, a uniform opening 
will come to be formed in a positive electrode, generating of a crack or a deficit will be controlled, and a moldability 
will improve. Since a still more uniform opening is formed, the variation in the discharge voltage of a lithium cell can 
be controlled. 

[0069] Moreover, if a carbon system negative-electrode electrode is used as a negative electrode, degradation, an 
internal short circuit, etc. of a negative electrode by dendrite generating can be prevented. 

[0070] Moreover, if the electrolyte made to dissolve lithium salt in the mixed solvent which contains a sulfolane and/or 
ethylene carbonate, and the organic solvent of hypo viscosity as an electrolyte is used, disassembly of the electrolyte by 
the high tension at the time of charge of a lithium cell can be controlled. 

[0071] Furthermore, if the electrolyte which added a partial saturation heterocycle-like compound, aromatic 
hydrocarbon, or cycloparaffine is used for the organic solvent solution of a metal salt, dendrite generating can be 
controlled now to the negative electrode which consists of a lithium system electrode, and degradation, an internal short 
circuit, etc. of a negative electrode can be prevented. 
[0072] 

[Example] Hereafter, an example is shown and this invention is explained more concretely. In addition, it cannot be 
overemphasized that this invention is not what is limited to this. 

About example 1 (manufacture of positive active material) lithium carbonate, basic cobalt carbonate, and the 
phosphoric-acid water solution of 85% of phosphoric-acid content, it is Li:Co at an atomic ratio :P = after carrying out 
weighing capacity of the amount used as 2:1 :1, respectively and fully mixing, this was put into the crucible made fi"om 
an alumina, the electric fiimace performed 900 degrees C and 24-hour heat-treatment, and the quality of an oxide was 
manufactured. When powder X-ray diffraction measurement was carried out and having been identified in the JCPDS 
card, it consisted of the phosphate of a lithium, phosphate of lithium cobalt, and mixture with cobalt oxide, and 0.5 mols 
and Lynn contained [ cobalt ] 0.5 mols of this quality of oxide to one mol of lithiums. 

(Manufacture of a positive electrode) the positive-active-material 8 weight section which ground the above-mentioned 
mixture and was prepared in particle size of 20 micrometers or less, the acetylene black 1 weight section, and the Teflon 
powder 1 weight section ~ enough ~ mixing - a positive electrode — the mixture was prepared, subsequently, this 
positive electrode - press forming of the lOOmg of the mixtures was carried out on a nickel mesh, and the disc-like 
positive electrode with a diameter [ of 20mm ] and a thickness of 1 .0mm was produced. 

(Manufacture of a negative electrode) The metal lithium sheet with a thickness of 1.0mm was pierced in diameter of 
20.0mm, a nickel mesh was stuck to one side by pressure, and the disc-like negative electrode was produced. 
(Production of a separator) The porous polypropylene film with a thickness of 0.5mm was pierced in diameter of 
25.0nun, and the disc-like separator was produced. 

(Preparation of an electrolyte) It is 50 ppm about moisture content. One mol [/I. ] lithium perchlorate was dissolved in 
the mixture of the volume ratio 1 : 1 of the propylene carbonate prepared below and 1 and 2-dimethoxyethane, and the 
electrolytic solution was prepared. 

(Production of a lithium cell) After pouring in into the container which the cap 6 made fi-om stainless steel stuck to 
charge collector 4b formed in the stainless-steel canning 6 stuck to charge collector 4a which formed in the lateral 
surface of a positive electrode 2 the positive electrode, the negative electrode, and the separator which carried out 
[ above-mentioned ] production as shown in drawing 1 by pressure, and the lateral surface of a negative electrode 1 by 
pressure is formed by installation, and is formed in said electrolytic solution with the above-mentioned positive- 
electrode can 7 and the negative-electrode cap 6, it closed with a gasket 7 and lithium cell D produced. 
[0073] In two to example 3 example 1, the quality of an oxide was similarly manufactured except [ all ] the fi-og to the 
atomic ratio which shows a lithium carbonate, basic cobalt carbonate, and the phosphoric acid of 85% of Lynn content 
in a table 2. When powder X-ray diffraction measurement was carried out and the obtained oxide was identified, all 
consisted of the phosphate of a lithium, phosphate of lithium cobalt, and mixture with cobalt oxide, to one mol of 
lithiums, cobalt was 1 .6 mols and Lynn was [ as opposed to / as opposed to 0.4 mols / thing / of 1 .6 mols and an 
example 3 / in cobalt / one mol of lithiums / Lynn of the thing of an example 2 ] 0.4 mols. the above-mentioned oxide — 
grinding - the particle size of 20 micrometers or less - preparing - this -- positive active material ~ carrying out ~ an 
example 1 - the same - respectively — a positive electrode the positive electrode was produced after preparing a 
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mixture. The lithium cell was produced using this positive electrode, the negative electrode produced like the example 
1 , a separator, and the electrolytic solution. 

[0074] In example of comparison 1 example 1, after carrying out weighing capacity of the amount set to Li:Co=l :1 by 
the atomic ratio in a lithium carbonate and basic cobalt carbonate, respectively and fully mixing, this was put into the 
crucible made from an alumina, the electric furnace performed 900 degrees C and 24-hour heat-treatment, and the 
quality of an oxide was manufactured. When powder X-ray time measurement is carried out and this quality of an oxide 
is identified, it is equivalent to JCPDS card NO. 16-427, and it is LiCo02. Existence of a phase has been checked. The 
lithium cell was produced like the example 1 except [ all ] using this quality of oxide as positive active material. 
[0075] In example of comparison 2 example 1, after carrying out weighing capacity of the amount set to 
Li:Co:nickel=l :0.5:0.5 by the atomic ratio in a lithium carbonate, basic cobalt carbonate, and basic nickel carbonate, 
respectively and fiiUy mixing, this was put into the crucible made from an alumina, the electric fiimace performed 900 
degrees C and 24-hour heat-treatment, and the quality of an oxide was manufactured. When powder X-ray time 
measurement is carried out and this quality of an oxide is identified, it is equivalent to JCPDS card NO. 16-427, and it is 
LiCo02. Existence of the same crystal structure has been checked. The lithium cell was produced like the example 1 
except [ all ] using this quality of oxide as positive active material. 

[0076] In example of comparison 3 example 1, cobalt carbonate, a lithium carbonate, and a phosphoric-acid lithium are 
used, and it is Li:Co at a mole ratio :P = the quality of an oxide was manufactured like the example 1 except considering 
as the amount set to 1 .15:1 :0.05. When powder X-ray time measurement is carried out and this quality of an oxide is 
identified, it is equivalent to JCPDS card NO. 16-427, and it is LiCo02. Existence of a phase has been checked. The 
lithium cell was produced like the example 1 except [ all ] using this quality of oxide as positive active material. 
[0077] In example of comparison 4 example 1, a lithium hydroxide, cobalt carbonate, and a phosphorus pentaoxide are 
used, and it is Li:Co at a mole ratio :P = the quality of an oxide was manufactured like the example 1 except considering 
as the amount set to 1 :0.8:0.2. When powder X-ray diffraction measurement is carried out and this quality of an oxide is 
identified, it is equivalent to JCPDS card NO. 16-427, and it is LiCo02. Existence of a phase has been checked. The 
lithium cell was produced like the example 1 except [ all ] using this quality of oxide as positive active material. 
[0078] 
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[0079] After charging each lithium cell produced in the above-mentioned examples 1-3 and the examples 1-4 of a 
comparison by 0.5mA constant current, when it repeated discharge and charge and the discharge capacity and discharge 
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quantity of electricity in the number of cycles were measured, each discharge property brought a result shown in a table 
3. 

[0080] 

A table 3] 
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[0081] The gap was also what compares the Hthium cell of an example with the thing of the example of a comparison, is 
high as for discharge voltage, has a high energy consistency with a large initial discharge capacity, and is further 
excellent in a cycle property so that clearly from this table 3. 

[0082] About example 4 lithium carbonate, basic cobalt carbonate, basic nickel carbonate, and the phosphoric acid of 
85% of Lynn content, it is Li:Co:nickel at an atomic ratio :P = after carrying out weighing capacity of the amount used 
as 1 :0.3:0.3:0.4, respectively and fully mixing, this was put into the crucible made from an alumina, the electric furnace 
performed 900 degrees C and 24-hour heat-treatment, and the quality of an oxide was manufactured. When powder X- 
ray diffraction measurement was carried out and the obtained quality of oxide was identified, it consisted of mixture 
containing the phosphate of a lithium, the phosphate of lithium cobalt nickel, and a cobalt nickel oxide, and the amount 
of cobalt, the amount of nickel, and the amount of Lynn to one mol of lithiums were as being shown in a table 4. each 
above-mentioned mixture grinding - the particle size of about 20 micrometers or less - preparing this - positive 
active material ~ carrying out ~ an example 1 — the same - carrying out - a positive electrode ~ the positive electrode 
was produced after preparing a mixture. The lithium cell was produced using this positive electrode, the negative 
electrode produced like the example 1, a separator, and the electrolytic solution. 

[0083] It is Li:Co:Sn at an atomic ratio, respectively about example of comparison 5 lithium carbonate, cobalt oxide, 
stannic oxide, and a phosphorus pentaoxide :P = after having mixed so that it might be set to 1 .01 :0.95:0.04:0.002, and 
carrying out temporary quenching at 650 degrees C for 5 hours, 850 degrees C and 12-hour heat-treatment were 
performed in air, and the oxide was manufactured. When powder X-ray time measurement is carried out and this oxide 
is identified, it is equivalent to JCPDS card NO. 16-427, and it is LiCo02. Existence of a phase has been checked. The 
lithium cell was produced like the example 1 except [ all ] using the above-mentioned quality of oxide as positive active 
material. 

[0084] In an example 5 - the 6 above-mentioned examples 4, the oxide was similarly manufactured except [ all ] the 
frog to the atomic ratio which shows the loadings of a lithium carbonate, basic cobalt carbonate, basic nickel carbonate, 
and a phosphoric acid in a table 4. When the powder X-ray diffraction of the obtained oxide was carried out and it was 
identified, in the mixture containing the phosphate of a lithium, the phosphate of lithium cobalt nickel, and a cobalt 
nickel oxide, and the example 6, it consisted of mixture which the lithium cobalt nickel oxide contained further, and the 
cobalt to one mol of lithiums, nickel, and the number of mols of Lynn were not different from the compounding ratio 
shown in a table 4 with an example 5. 
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:0085] 
A table 4] 
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[0086] each above-mentioned mixture - grinding - the particle size of 20 micrometers or less - preparing ~ this - 
positive active material ~ carrying out ~ an example 1 — the same - carrying out — a positive electrode — the positive 
electrode was produced after preparing a mixture. The lithium cell was produced using this positive electrode, the 
negative electrode produced like the example 1, a separator, and the electrolytic solution. 
[0087] After charging each lithium cell produced in the above-mentioned examples 4-6 and the example 5 of a 
comparison by 0.5mA constant current, when it repeated discharge and charge (one cycle) and the discharge capacity 
and discharge quantity of electricity in the number of cycles were measured, each discharge property brought a result 
shown in a table 5. 
[0088] 

;A table 5] 
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[0089] The gap was also what compares the lithium cell of an example with the thing of the example of a comparison, is 
high as for discharge voltage, has a high energy consistency with a large initial discharge capacity, and is fiirther 
excellent in a cycle property so that clearly from this table 5. 

[0090] It is Li:Co at an atomic ratio about the powder of example 7 lithium oxide, cobalt oxide, and a phosphorus 

pentaoxide :P = weighing capacity of the amount used as 2:1:1 was carried out, respectively, and grinding mixing of this 
was fully carried out with the mortar. This mixture was used as the powder target, sputtering was carried out using the 
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sputtering gas of Ar/02 =1/1 by rf power SOW and sputtering gas ** lxlO-2Torr, and it was made to deposit on a 
stainless steel substrate. Subsequently, these deposits were collected, the ball mill ground and positive active material 
with a mean particle diameter of 5 micrometers was manufactured. When X-ray diffraction measurement of this positive 
active material was carried out, the sharp peak was not observed but it was checked that amorphous-ization had been 
made. The lithium cell was produced like the example 1 except [ all ] using the above-mentioned amorphous-ized 
positive active material. 

[0091] After injecting and quenching the lithium oxide prepared in the example 8 example 7, cobalt oxide, and the 
grinding mixture of a phosphorus pentaoxide on the roll kneader after carrying out heating fiision at 1500 degrees C in 
the crucible made fi'om an alumina, the ball mill ground and positive active material with a mean particle diameter of 5 
micrometers was manufactured. When X-ray diffraction measurement of this positive active material was carried out, 
the sharp peak was not observed but it was checked that amorphous-ization had been made. The lithium cell was 
produced like the example 1 except [ all ] using the above-mentioned amorphous-ized positive active material. 
[0092] The lithium oxide prepared in the example 9 example 7, cobalt oxide, and the grinding mixture of a phosphorus 
pentaoxide were processed by the mechanical alloying using a high-speed vibration mill, and positive active material 
with a mean particle diameter of 5 micrometers was manufactured. When X-ray diffraction measurement of this positive 
active material was carried out, the sharp peak was not observed but it was checked that amorphous-ization had been 
made. The lithium cell was produced like the example 1 except [ all ] using the above-mentioned amorphous-ized 
positive active material. 

[0093] After charging each above-mentioned lithium cell by 0.5mA constant current, when discharge and charge (one 
cycle) were repeated and quantity of electricity of the discharge was measured, it was as being shown in a table 6. 
[0094] 
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[0095] In example 10 example 1, the ball mill ground positive active material ftirther for 24 hours, and mean particle 
diameter was prepared to about 0.5 micrometers, and 5m 2 of BET specific surface areas / g. 20 Hthium cells were 
produced like the example 1 except [ all ] using this positive active material. 

[0096] In an example 1 1 - the 12 above-mentioned examples 10, it produced 20 lithium cells each similarly except [ all ] 
having changed the mean diameter and BET specific surface area of positive active material, as the grinding time 
amount by the ball mill was adjusted and it was shown in a table 7. 

[0097] After charging the lithium cell of the above-mentioned examples 10-12 like the above, when each discharge 
capacity was measured, the result shown in a table 7 was obtained. However, the numeric value in a table is the average. 



[0098] 
[A table 7] 
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[0099] The positive-active-material 80 weight section prepared in mean particle diameter of about 1 0 micrometers in 
example 13 example 1, The acetylene black 10 weight section which prepared the mean diameter of secondary floe to 
1 .0 micrometers with the ball mill, the Teflon powder 10 weight section which sized down the powder obtained by the 
suspension-polymerization method, and prepared the mean particle diameter of secondary floe to 1 .0 micrometers ~ 
enough - mixing — a positive electrode - the mixture was prepared and 20 positive electrodes were fabricated like the 
example 1 . Although the existence of the crack produced in a positive electrode or the deficit section was judged 
visually, a crack and the deficit section were seen by neither of the positive electrodes, but the forming rate was 100%. 
20 lithium cells were produced like the example 1 except [ all ] using this positive electrode. 

[0100] In 14 to example 16 example 13, 20 positive electrodes were similarly fabricated except [ all ] having prepared 
the particle size of acetylene black and Teflon powder, as shown in a table 8. When the existence of the crack produced 
in the obtained positive electrode or the deficit section was judged visually, it was the result of being shown in a table 8. 
20 lithium cells were produced like the example 1 except [ all ] using this positive electrode. 
[0101] 

;A table 8] 
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[0102] When it entered in the width of face of the curve which all show to drawin g 3 when discharge and charge are 
repeated, quantity of electricity of the discharge is measured and it plots in a graph, after charging each lithium cell of 
the above-mentioned examples 13-16 by 0.5mA constant current, and the cycle property was measured and it plotted in 
the graph similarly, it was what enters in the width of face of the curve shown in drawing 4 . 
[0103] Each lithium cell of an example had high discharge voltage, and initial discharge capacity was what has a high 
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energy consistency greatly and is further excellent in a cycle property so that clearly from these drawings. 
[0104] In example 17 example 1, further, baking conditions were changed, the positive electrode which carried out press 
forming was calcinated, and the positive electrode which has the voidage which carried out the variate every 10% 
among 20 - 80% was produced. In addition, voidage was computed from the value which measured the consistency by 
the pyknometer, and bulk density. After producing each the 20 above-mentioned lithium cells and charging like said 
example of an experiment, when discharge and charge were repeated and the discharge capacity of a lithium cell was 
measured, the result shown in drawi ng 5 was obtained. 

[0105] In example 18 example 1 the true density of 2.05g/cm as a negative electrode 3, Add the Teflon 20 weight 
section to the thing 80 weight section which ground d002 =3 .48 A pitch coke with the mortar, and was made into the 
particle size of 20 micrometers or less, fully mix, and press forming of the 200mg of this mixture is carried out on a 
nickel mesh. The lithium cell was produced by the same approach except [ all ] using a disc-like negative electrode with 
a diameter [ of 20mm ], and a thickness of 1 .0mm. After charging by 0.5mA constant current using the lithium 
secondary battery for a trial of the above-mentioned configuration, it was set as upper limit electrical-potential- 
difference 4.7V and minimum electrical-potential-difference 2.8V, and charge and discharge were repeated. The 
discharge voltage to the discharge capacity in this charge and discharge was as being shown in draw ing 6 . Moreover, 
after repeating this charge and discharge 300 times, when this lithium secondary battery for a trial was disassembled and 
the negative-electrode front face was observed, neither growth of a dendrite nor formation of a protective coat was 
checked. Then, although the lithium secondary battery for a trial was assembled again, charge and discharge were 
repeated further 500 times and the negative-electrode front face was observed like the above, abnormalities were not 
checked at all. 

[0106] In the example 19 above-mentioned example 18, it changed to the negative electrode which consists of a sintered 
compact of pitch coke, and the lithium secondary battery for a trial was completely similarly produced except using the 
negative electrode produced from the ftillerene (C60) which has the structure shown in drawin g 2 . After charging like 
said example of an experiment using the lithium secondary battery for a trial of the above-mentioned configuration, 
charge and discharge were repeated. The discharge voltage to the discharge capacity in this charge and discharge was as 
being shown in drawin g 6 . Moreover, after repeating this charge and discharge 300 times, when this lithium secondary 
battery for a trial was disassembled and the negative-electrode front face was observed, growth of a dendrite, formation 
of a protective coat, etc. were not checked at all. Then, although the lithium secondary battery for a trial was assembled 
again, charge and discharge were repeated further 500 times and the negative-electrode front face was observed like the 
above, abnormalities were not checked at all. 

[0107] In 20 to example 21 example 18, the lithium secondary battery for a trial was completely similarly produced 
except using the positive active material prepared in examples 2-3. Charge and discharge were repeated like the 
example 1 using the lithium secondary battery for a trial of the above-mentioned configuration. The discharge voltage to 
the discharge capacity in this charge and discharge was almost the same as the example 18. Moreover, after repeating 
this charge and discharge 300 times, when this lithium secondary battery for a trial was disassembled and the negative- 
electrode front face was observed, as for abnormalities, neither was checked at all. 

[0108] In example 22 example 1, the lithium cell was similarly produced except [ all ] using the following electrolytic 
solution. Moisture content of 50 ppm One mol /of lithium perchlorates which carried out the vacuimi drying at 200 
degrees C for 24 hours was dissolved in the mixed organic solvent which mixed the sulfolane (a dielectric constant 44, 
decomposition voltage 6V) dehydrated and refined so that it might become below, and 1 and 2-dimethoxyethane so that 
it might become a volume ratio 1:1 1., and the electrolytic solution was prepared. 

[0109] In an example 23 - the 24 above-mentioned examples 22, the lithium cell for a trial was similarly produced, 
respectively except [ all ] carrying out the variate of the loadings of a sulfolane, as shown in a table 9, and preparing the 
electrolytic solution. 

[01 10] In an example 25 - the 26 above-mentioned examples 22, as shown in a table 9, the lithium cell for a trial was 

similarly produced for the presentation of the electrolytic solution, respectively except [ all ] the frog. 

[01 1 1] Using the lithium cell for a trial of the above-mentioned examples 22-26, discharge voltage was set as 3V at the 

time of 5 V and discharge at the time of charge, and charge and discharge were repeated. When the pressure inside the 

cell in the 50th time and the 100th time was measured in early stages of this charge and discharge, the result shown in a 

table 9 was obtained. 

[0112] 

[A table 9] 
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[01 13] Even if it repeated the charge and discharge of a lithium cell so that clearly from the above-mentioned table 9, 
the lithium cell of an example was that by which the pressure build-up inside a cell is controlled substantially. 
[01 14] In the example 27 above-mentioned example 22, the lithium cell was similarly produced except [ all ] 
considering as the electrolytic solution which used the mixed solvent which comes to mix sulfolane, 1, and 2- 
dimethoxyethane and ethylene carbonate by the volume ratio of 50:40:10 as an organic solvent. 
[0115] In 28 to example 30 example 27, the lithium cell was similarly produced except [ all ] using the blending ratio of 
coal of each organic solvent as the electrolytic solution using the mixed solvent which carried out the variate as shown 
in a table 10. 

[0116] After charging like the above, as a result of repeating charge and discharge and investigating the rate to the initial 
value of the charge and discharge in the pressure variation inside the cell at the time of charge and discharge and the 
50th time, and the 100th time using each lithium cell for a trial produced in the above-mentioned examples 27-30, it was 
as being shown in a table 10. 



[0117] 
A table 10] 
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[01 1 8] Even if it repeated charge and discharge so that clearly from the above-mentioned table 10, the lithium cell 
obtained in the example was that by which the pressure build-up inside a cell is controlled substantially. 
[0119] In example 31 example 1, the lithium cell was similarly produced except [ all ] using the electrolytic solution 
which added the thiophene at a rate of 0.01 ml/1 to the electrolytic solution. 

[0120] In 32 to example 36 example 31, as shown in a table 1 1, the lithium cell was similarly produced for the 
compound added to the electrolytic solution, and its addition except [ all ] the frog. 
[0121] After charging like said example of an experiment, as a result of repeating discharge and charge and 
investigating a cycle property using each lithium cell for a trial produced in the above-mentioned examples 3 1-36, it was 
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as in a table 11. 
[0122] 
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[0123] Even if it rq)eated charge and discharge so that clearly from the above-mentioned table 1 1, the lithium cell 
obtained in the example was what a dendrite cannot grow up to be the negative electrode which consists of a lithium 
system electrode easily, and is excellent in a cycle life. 

[0124] In example 37 example 1, the lithium cell was similarly produced except [ all ] using the following gel 
electrolyte which it changed [ electrolyte ] to the electrolytic solution and made the electrolyte contain. 95% of 
polyvinyl alcohol 20 weight section is dissolved in the dimethyl sulfoxide 80 weight section a degree of polymerization 
1400 and whenever [ saponification ], and the LiC104 30 weight section is added to the solution, and it stirs under 
heating, and is LiC104. After viscosity rose rapidly by the dissolution, it was developed and left in the glass petri dish, 
and the electrolj^e sheet with a thickness of 100 micrometers it is thin from the organogel which shows silicone rubber- 
like behavior about 20 hours after was obtained. This sheet was pierced in diameter of 25.0mm, and the sheet-like solid 
electrolyte was produced. When impedance measurement of the ionic conductivity of this sheet-like solid electrolyte 
was carried out, the outstanding value of 4.5/103 S/cm was shown. This solid electrolyte serves as a separator. 
[0125] 95% of polyvinyl alcohol 10 weight section and the polyethylene oxide 1 weight section of weight average 
molecular weight 60,000 are dissolved in the dimethyl sulfoxide 50 weight section example 38 degree of polymerization 
1400 and whenever [ saponification ], and the LiC104 12 weight section is added to the solution, and it stirs under 
heating, and is LiC104. After viscosity rose rapidly by the dissolution, it was developed and left in the glass petri dish, 
and the electrolyte sheet which consists of organogel which shows silicone rubber-like behavior about 10 hours after 
was obtained. Under reduced pressure by the vacuum pump, it was made to dry at 60 degrees C for 2 hours, and the 
above-mentioned sheet was made into the condition with a thickness of 150 micrometers of oozing and not producing 
**. This sheet was pierced in diameter of 25.0mm, and the sheet-like solid electrolyte was produced. When impedance 
measurement of the ionic conductivity of this sheet-like solid electrolyte was carried out, the outstanding value of 
4.0/102 S/cm was shown. This solid electrolyte serves as a separator. 

[0126] After charging like said example of an experiment using each lithium cell for a trial produced in the above- 
mentioned examples 37-38, as a result of repeating charge and discharge and investigating a cycle property, it was as in 
a table 12. 
[0127] 
[A table 12] 
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[0128] Even if it repeated the charge and discharge of a lithium cell so that clearly from the above-mentioned table 12, it 

was what is excellent in a cycle life. 

[0129] 

[Effect of the Invention] Since the positive electrode of high capacity is producible according to this invention as 
explained in full detail above, a lithium secondary battery can increase the amount of incorporation of Li ion per the unit 
volume and weight of a positive electrode, and is formed into a high energy consistency. Moreover, a uniform opening 
is formed in a positive electrode, and the variation in the discharge voltage of a lithium cell can be controlled, and the 
moldability of a positive electrode improves, and generating of a crack or a deficit comes to be controlled. Moreover, 
since it is used combining the specific carbon system negative-electrode material corresponding to the above-mentioned 
positive electrode, generating of a dendrite is not seen but the lithium secondary battery lowering of discharge capacity 
excels [ lithium secondary battery ] in a cycle life very few also by the repeat of charge and discharge is obtained. 
Moreover, since the mixed solvent which contains a sulfolane and/or ethylene carbonate, and the organic solvent of 
hypoviscosity at least is used as the electrolytic solution, an electrolyte is not disassembled by the high tension at the 
time of charge of a lithium cell, but the lithium secondary battery which is excellent in a cycle life is obtained. 
Furthermore, since the electrolytic solution which added a partial saturation heterocycle-like compound, aromatic 
hydrocarbon, or cycloparaffine is used, even if a negative electrode is a lithium system electrode, generating of a 
dendrite is controlled substantially and the lithium secondary battery which can prevent degradation, an internal short 
circuit, etc. of a negative electrode, and is excellent in a cycle life is obtained. Thus, according to this invention, while 
having a high energy consistency with high electromotive force and high discharge voltage, the lithium secondary 
battery which is excellent in a cycle property is obtained. 
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;i/3-;i'a:UTtt, a-&s**5 0 o~5 0 0 0 (sa¥ 

^»^fi2. 2?5~2 2^) , 8fc*l 0 0 0~3 0 0 0 

-Jr^-ffca^^iS 0 S6eil±. 5~9 9S6CDt)CD*^ 

;r;i'5!Jyyjv*^jef£3nic<^s. SfcyxtSA^s oas 

-;KDjR«tt, 3 OSfi%KT, St+ 1 0~2 0mfi9g 

[0 0 5 2] d?UX^U>:t+>'HtLT«v i^»tK3£ 

«;a:<-«{c«aa^*^ij-^fi*^iK)2 0 o:^KT, tttf" 
i^~i 0 o^cfeod^fflvi^ns. jj^'jx^^u-^sf^ 

xjuyji'^— ;n 0 o*SS8»fcO. i~3 0 0oas 

fiU. SE'P 1 0 ~ 1 0 0 0 Sfig?, 3 0 ~ 3 0 0 Mfi 

^SsO^iKlS 0:^tZ3:SJl^j}?U-T-tL.T'blgffi±^i>. 

[0 0 5 3] lfx;P7;l^3-Jl'-X^U>:t=^^->H*S 
^flttL-Ttt, y;Wt®J«J:DaS¥i^i^^**2:5~ 

tt, X^U>:t=¥5^H#ttl 0 0*fcD 1~3 O 0 0, 
tt* 10~1000. 1*JC30~300 

S. Sfi^l^^J-^ a*^«5 5 0:^<O«-&l3'fe^ffl±^i)'/j: 

X^U'>:«-=^^->H*a'&«i;®Jea8«ftj&T. ^>yAft 

[0 0 5 4] #'J bfxJl/7;i/3— J}«'JX5^U'>:^4^ 

>')<Riyte-J^7;^3— Ji' • xf^u->:t=^^v'H*a'&'» 

;P • X5=^U>:t^v'H*fi^«ett. 

[0 0 5 51 f9*tf#u-7- 



(8) 1#K^6-2 7 527 7 

7JI^:3-JW-x5^U>:t=*^->H**ffl^«e, KTI^U) ® 

[0 0 5 6] *fci?>ig^;i/X;l'*^>'H. 
€-5. Clcc»«-&CB;t;i';tfyy;WS:itffiJ^^T$-&*J;fe 

t?€r-5, n^-^mz^^:ir)vijy*f)v\t. ^mn^m^-^ 
it%mii-^tamz^^hmz^^^K!ti.<r>^mm^'^m 

[0 0 5 7] ±l2®55S{C43V>Ttt, 3 0aa96£tT» 

IK* 1 0 2 0 asx©:j? u trs c: t 

i.mm'&<o4tmimitmt:mmt^ iTy;wbs<sji 
•c*-&*y;i'-^:t;i'5!/y yJ^©Ei3g^4***^f s t.ifl 

[0 0 5 8] •^:^*«;:Kll2©yjl^{bflS«Sil©ft«i«?i:_L^ 

^sw/Noy^-fb^^^K^biRi, jS, xyyjk 
DA. ^u:/v'>, ^'>i^X7=->©a#»»* 

S©Any>-(b!fe^*K^k'te. *K^b«*, *e^b^. * 
K^ti?nA. 7KKft;*Jl'->':7A. ^K^b^i'^-^'^A© 
«7 «i$««Slgtti::5^U»;Stt©^JIi7KK^«b. ^ 

□ A. *JVi/'>A. Vi'^j^^/AWiD^SSftW^IS* 

K'lb* i)«-r S&«©*a'fb«i«©/N n y ><b«i;a: ii** 

[0 0 5 9] yjPftffiitSlIWffifflfitt. #«J-7- 1 0 0 

saffl*fc 0 2 0 0 fia85£iT, st* 5 ~ i 5 o ss 
as. »C2 o~i 0 oaafi8*<-«MT*-5. ;5:*y;u 
ik.^ismii\^xw»^m,ii^^ts.i,^^m\'^i^m'^\z\%, 

«? [0 0 6 0] «eoT«»«©fieffla(4, ^©yjwbffijt 
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^^Am^^ti^. *>u^iz^j^oj:.^^y}\^<t^]^^ 
^mt^^nmstLxmmLftm'^izit. 

[0 0 6 1] 2lc^WIC*JViTyjl/«m»H{C^W3-&S 
10 0 aa86fc/5: 0 10 0 ■aSBOT. St't' 5 

~5 osaei:&$n%. 

[0 0 6 2] y;H*mi»S»4, 3l*N'J \d.~)\'7)Vn-}V(K) 

iijV}V^m^-t^f&\z. •eo3}?'Jtf-Ji'7;i'3-;i'^ 
[oo6 3]Vi*3. tfiu:^mz^^^xmfi.^m.m^ffi^ 

[0 0 6 4] 2|E^BjTtt, ±IB@^*:««S*fcia:y;l'« 

-10 0 MmigedtsasT*?). ±g5'yjn^m« 
[0 0 6 5] ±i2y;n«®»S(cJ;n«, #u t;=jv7 



(9) 1#raV6-2 7 5 27 7 

[0 0 6 6] 3ti:»§q-C». ±IBiES, ^n^^Xf^m^ 

t*. 1 \z7F.-rmmzmM.x*)^'0L,-Am.m 

iE« 2 tfiffi 1 tODKC-fe/^U— 4' 3 ^ittt^^, ±IB 
lEffi 2 (D9Vmm\zm^V1i.^%<ie^^ a Cffift-r^iEffite 
6 1 <J>9\-mm\zmaLhTz.SBM»4 b fCJEEgrs 

5 left t)*?*^^*. 
CO 0 6 7] 

5lC;S:-5. iE«glC, ^Bl^*t2 5~6 0%O3g» 

[0 0 6 8] ^fc, ±iEiEffifi|!SlS«ri|f^roSg. BE 

lE^-^K'fb^s cD:g)[S \zn x^i^^ommzmk b ties 

[0 0 6 9] ft8ii:bT*-3t^>*ftt*«lii«:«l 
[0 0 7 0] «#PSi:bT;^;p:4^^>i5<kr//* 

CO 0 7 1] set::. ^«ifi©W«®«K®iatfw5Ffiafn'\ 

&ast)nb;tfi»et&fflvi-&t, 'jg^-i^Ai^mffiio?* 

[0 0 7 2] 

{^mm\ KT. ^Jgesi*^b2f!:^?^*J;0*<*:MlcSi 

?^r-s. 13.^. :if.%miflz.n\zmi^^ni,^<iixis.\>^z. 

50 <!:tt«5*trt>;S:V». 
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17 

h t 'J >K^=&*8 5 SfiOD'J M^Jtr 
LI :Co:P= 2:1:1 t^a-SSSr-tn-PnfPSU 

««^T9 0 ot:, 2 4«fWliif»jaaSffv». K-fblfee 
SrSiSLfc. rroKfl2«)S5«:, »*X«Sl2l«riHl3SUT J 

laggjt, •x7a>»*lSfi|«tS:+i^twJl-&LT 

$1. Omonffil^SS-ffKUfc. 
(^fficoSSji) 1 . 0iiim<O^JPIU5^l>Av'-h&. 

trix^^j-^^-ht 1, 2-'^/^v^v':i.i/>t.<r>W. 
«tfcl : l«Djl^!»C. l*Jl//'Jy h;KZ>iaiB«»'J 

X-S-^y h 7T**lhLT'jg^'>Afl»D€:f^Kbfc. 

[0.0 7 3] *ig««12~3 
SlJt^SI 1IC*V»T, ^»»J5^'>AiS»«^KnAJI/h 

•fnfc'jg^'^'Affl'j >K*atU5^':7A • y 
2©feo»4, U9="?Ai*;PCjttUT=i;t;i/h*to. 4 
l*;HC^*LTaA;l'h*U. 6^;k u>*«o. 4* 



(10) #IBV6-2 7 5 27 7 

18 

SBSU. c:nsiEasieiei:L-T*st«i<i:i^«ic-en 
^xsnm^^m^-^x. u^^'^ASfl&^i^Sbfc. 

CO 0 7 43 tt;K«a|l 

i:*. K^^itTL i :Co=l : 1 t;^*flS:-¥-n-?n 

AnrtasijPT 9 o cc, 24 nwnafikim sff v»K^b 

• UfctC^. JCPDS*— HNO. 1 6-4 2 7{CfflS 
L. L i CoOz ffl<D#«*tfl|KT$fc, CWK-fbiaS 

'J5^'?A«fi6Srf^fiLfc. 
[GO 7 53 Jl:t4*a2 

tmm'&mm=-v^)Vii^. m^jt-rL i : co : n 1 
= 1:0. 5:0. 5 tjfe^as-en-enfi'fiUT+ij 

JCPDS*— HNO. 1 6-4 2 7lCfflaL/. L i Co 

'J5^'>A«te&<^illL..fc. 
[0 0 7 63 Jt«!«3 
HiS^iJ ncfet^T, ^KzJA-;V-hi:iKKU5^"^At'J> 
K>J3^';;AtS:IHVi. tJi'it-pL i : Co : P= 1. 1 

5:1:0. 0 sizfi^Mt-r^inJMi, mmmi Lm 

lHiai*LI^^L«:tca, JCPDS*— HNO. 16- 
4 2 7ICfflaU. L i C0O2 ti«#*E**SgS-e#fc. 

t NfillC UT 'J 5^9 A««l«fPilUfc. 

CO 0 7 73 vcm.m4 

^mm 1 t-*3ViT. *ffift:U9^e;Ai:iftKriAjWhtH 
K^b'J>tSfflti. t;HtTL i : Co : P= 1 : 0. 

8 : 0. 2\zfs.^mtt^&.9V\t. m&m\twimzi. 

TKIt;<feHSrKiiL&. Jl(OKfl;ifeSSr»*X«[ll«Ta!l 
40 3tLra3tLfci:C:?>. JCPDS*-HNO. 16-4 2 
7ICfflab, LiCoO: ffl<D#«E*«»S-C^fc. 

mz >J 5^«:; A««Sff «Lfc. 
[0 0 7 83 
[^23 
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(11) #B8sp6-2 7 52 7 7 

19 20 









IE 




m 






J£ « ^ « 


» S 








« ^ it 


G ^ ft 


(mg) 


PTFE 




L t 


Co 


Ki 


P 


Cm) 


(mg) 




1 


0.5 


— 


0.5 


B 0 


1 0 


I 0 


ntmz 


1 


0.4 




1.6 


8 0 


1 0 


1 0 




1 


1.6 




a4 


8 0 


1 0 


I 0 




1 


1 






8 0 


1 0 


1 0 




I 


0.5 


0.5 




8 0 


1 0 


1 0 




1.15 


1.0 




0.05 


8 0 


1 0 


1 0 




1 


0.8 




a2 


8 0 


I 0 


1 0 



[0 0 7 9] ±M^mm 1 3 ^^rsvcMm i 4 ti^ * 3 xz^-tm^t.is.^it. 





fl[ « 4$ 


^ ^ A. m ^ 


ifc « « CV> 


if >r Wi (mAh) 


MM 


\mTA 




so^og 






40@§ 


60@g 




loofois 




4. 7 


4. 4 


4. 4 


4. 0 


1 6. 5 


1 4. 8 


1 4. 2 


1 3. 3 


] 2. 4 


1 2, 0 




4. 9 


4. S 


4. 4 


4. 0 


1 7. 0 


1 6. 0 


1 5. 3 


1 4. 1 


1 3. 3 


1 2. 8 


mmz 


4. 6 


4. 3 


4. 3 


3. fi 


1 5. 5 


1 4. 4 


1 3. 5 


1 2. 3 


1 I. 2 


1 0. I 




4. 4 


4. 0 


3. g 




1 2. 0 


6. 4 


5. 7 


5. 0 


4. 5 


4. 0 




4. 5 


3. 6 


3. 6 




1 3. 5 


T. 1 


6. 5 


6. 4 


5. 8 


5. 2 




4. 3 


4. 0 


3. g 




I 2. 1 


6. 6 


5. 8 


5. 5 


5. 0 


4. 8 


itRf>l4 


4. 5 


4. 1 


3. 8 




1 2. 3 


9. 0 


8. 5 


8. 4 


8. 1 


7. 2 



[0 0 8 1] e:fl!>S3d^&?S&*^3*<k5lC. l6JfiW<©U [0 0 8 2] «»«4 

$e>^C-9--f ^;H*ttJC«n-5t)©T?feoyto so o :Ni : P=1 : O. 3:0. 3:0. 4 iii^^m^ 
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(12) 



#l8JP6-2 7 5 2 7 7 



21 

4 o {c AnrsfijiPT 9 0 0 *c. 24 ^ppgirajKfflSS 

)K)2 0 ;zme;T»CSlS!LTC:nS:iE«S«lSi:U> ^ 

[0 0 8 3] JtliE^iilS 
^KUf^t^A, K-fb^AVl/h, mt^2XX. HK<tU 
>&-f-n-?niS?-ifCL i : Co : Sn : P=l. 0 
1:0. 9 5:0. 0 4:0. 0 0 2 tfs.^^o\ZU^ 
b, 6 5 0'CT5^m{5j^bfcft. !S^*T8 5 Ot:. 

1 2^KjpfKifflasfT('^Kft:«is-SieL-fe. coK^bife' 



22 



NO. 1 6-4 2 7 trffiaU, L 1 C oOi 

T*iSe9 1 1 LT 'J ^^r? A««&«fP« Lfc. 
to 0 84] SliS0y5~6 

fiiSLfc. »6nfcK^b(»*»*X*i|5l«fLll«bfca: 

*^6.*t), 'J?'i7Ait;nc^*-r-5nA;i'h, n>v5r;i' 

fc. 
[0 0 8 5] 
[«4] 









i£ 












IE « » 














Wi 








PTFE 




L i 


Co 


N i 


p 


(■8) 


(ms) 




1 


0.3 


0.3 


0.4 


0 


1 0 


1 0 




1 


0.2 


a2 


0.6 


B 0 


1 0 


1 0 




1 


0.4 


0.4 


0.25 


8 0 


1 0 


1 0 


items 


1.01 


0.95 


0.04 • 


0.002 


8 0 


1 0 


1 0 



[0 0 8 7] ±irillJfi«»l4'-6:fecfci;ite««J5Tf^iSU 
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(13) 



1#reJp6 - 2 7 5 2 7 7 



23 



24 





« 4» & 


■U- -f ^' 4. 4i| 


« « E (V) 


ir -f ^ ^ » CmAh) 






20^IS 






20@1S 


40I51S 




SODS 


100 @S 


l»MRJ4 


4. 5 


4. 3 


4. S 


3. fi 


1 7. 0 


1 6. 0 


1 4. 8 


1 4. 7 


1 a. 9 


1 3. 1 




4. 6 


4. 4 


4. 4 


4. 0 


1 B. 2 


1 7, 3 


1 5. I 


1 4. 2 


1 4. 0 


1 3. 5 




4. 5 


4. 2 


4. 2 


3. 8 


1 6. 2 


1 5. 9 


14. 5 


1 4. 0 


1 3. 5 


1 Z. 7 




4. 4 


3. 9 


3. 9 




I 2. 3 


9. 4 


8. a 


7. 9 


7. 3 


/ 6. 5 



[0 0 8 9] C©^5 3{)i?>W&*»^<fc5Jtv SlttC^SCDU 

^r>A«»tt> jtiifl«itDt>©jcjt'<Tv»-rnfctt««ff. 

[0 0 9 0] ^«!I7 

^. IP^JtTL i : Co : P = 2 : 1 : 1 t;S:SSS-lf 

?l'&i»&«»5|t^'-'!^?' HtL-. Ar/02 =1/1®X 

/'^S/^'^JX^fflViT, rf/ty— BOW, 

JIl X 1 0-^TorrT7.A,y^iJ >ifLT7.7=^>'W'7.S« 

[0 0 9 11 ^998 
5 0 o-CTUnsiSBSLfc^. lueD— 



[0 0 9 2] IIJS01I9 
*JS^J7TiSSl^^n.&K'(bU^':7A, K^tnA*;Wh*5.i: 

W [0 0 9 3] ±8B©*'J^':7A««S. 0. 5mAO«« 

[0 0 94] 
[£6] 





T 


8 


Utt^J 9 


li^«^fi (BAh) 


2 0. 5 


19. 7 


2 0. 1 



[0 0 9 5] ^£S9^1 0 
^JfiW 1 IC^ViT, iEaeeiSSr3 6lC#-^l'5;V-e2 

ttT'^T^JfiW 1 1 UT 'J 2 0 fflf^ 

[0 0 9 6] HjffifiSll 1~1 2 



59 



[0 0 9 7] ildSISfiW 1 0 ~ 1 2 O »J ^'Cz 
[0 0 9 81 
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(14) 



«rMV6"-2 7 527 7 



25 



25 













ft CsAb) 








B E Tltaffi«l 












( m ) 












10 


0 . 5 


5 


17. 5 


17.0 


17.5 




11 


5 . 0 


1 


17.2 


16.1 


16.5 




12 


0. 0 1 


8 0 0 


17.7 


17.1 


17.5 



[0 0 9 9] mmmi s 

0 umCiBfibfc7-fe^l'>-:/5';/i' 1 Oa 
5151 0«S»a:«+i^ltjBB-UT]Ea-&»l&ailS!U^ II 



[0 10 0] ^JS^l 4-1 6 

[0 10 1] 
[£8] 







^ 6l 


2 C m) 










P T F E 


(«) 




13 


1 0 


1. 0 


1 . 0 


I () 0 




14 


1 0 


5 0.0 


5 0. 0 


1 0 0 




15 


1 0 


0. 2 


0. 2 


9 0 


^1 


16 


1 0 


2 0 0 


2 0 0 


8 5 



[0 10 2] k.%i,%WS\ \ 3-1 6CDSU5^'^Afl?lS 



SO 



[0 10 3] Cine.«30*»6?3&*^3tt<i:5JC, mfiCT© 
[0 10 4] ^tS«a|l 7 
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27 

#&3ii^T^fiKU 2 0~8 osscoriaTi 0 9«Slcaifi 

[0 10 5] ^£S091 8 
liafi«IllC*ViT, feS[tL/TS««2. 0 5g/ciii» . 
d«oj =3. 4 8 Arokf-/9^n-i/7,S:?L»Tt»e»*LT 
«ig2 0 umKTlCLfcfc®8 0SS»lC5^7P>2 0 
fiatSSSn^tr+iJ'CS^L, E:coS-&tt2 O Ong*r: 

ni^ttftSrfflUT, 0. 5mA«)^SSffi-C5flSS*ffofc 
a. ±ISeE4. 7V, TfEmffi2. 8V{Cl8^LT^ 

i^cm* 3 0 0(H]«iOiibr::^, r cDite^ffl 'J 5^-^^=;*: 

0 oi5i^a!msisDjiL±E<*:i^»jcMa^ffiSresib 
[0 10 6] %mm \ 9 

(Co) *>?.fpMsnfcftffi*fflv>*a^i-tt^<i^ 

«ft«safc«-r«tt««Ett> ted 6 c^-ra 13 t*o 

/t. Jiw^ift««3 0 oiHi»Ojglx>tft, cost 



(15) 1#K5p6-2 7 5 27 7 

$n^j:*^ofc. J:©», SSKKSU^-^A-iJcSflfiS: 
iaStTT, $ &}C5 0 Olll5EiES[«SrjaOjiL±g2tl^«l 

[0 10 7] §liSW2 0~2 1 
[0 10 8] ^092 2 

4, i*«a/£6V) tl, 2->?^ h'^->X^>tS#: 
59 S(ttl : lfc3a:SJ:5CS'&bfcil-&^«jSjatlC, 2 0 
0 "CT 2 4 LfciS*g3!IK U g'^' A* 1 

[0 10 9] 3~2 4 

Kffig|igfi«| 2 2 lc:feViT, >©Pe-&fiSra 9 t;i 

[0 110] ^im2 5~2 6 

hia^JS«2 2lc:fcViT. m^J«©ffi«*^ 9 tC^-T J: 
[0111] ±IB*JSW 2 2 ~ 2 6 ©a^ffi U =}"^L.m. 

*ij:ytl 0 0lHlH{c*3tt^«?ifc(*3as©JE*aWjtU&i: 

[0 112] 
[%9] 
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(16) 



1#iH¥6 - 2 7 5 2 7 7 



29 


30 








w M jift iff 
3 CT ?& 1* 




(kgf/cmO 






IK f 














0 


50 


1 0 0 




2 2 




1.2 h4^>jL^> 


5 0 


1. 2 


2. 0 


2. 5 




2 S 






2 0 


I. 2 


3. 1 


3. 5 




2 4 






8 0 


1. 2 


2. 0 


2. 2 




2 5 






5 0 


1. 2 


2. 3 


2. 9 




2 6 






5 0 


I. 2 


2. 4 


2. 7 



(0 1 13] ±IBS9 3{iie.lB^*>'^J;5tC, U5"'>A« 

[0 1 1 4] ||ffl«»I2 7 

>. 1, 2-5?;* h=*^->Xi'>*Jj;CXx^l^>*-:i?^ 
— hSrS 0 : 4 0 : 1 0 cD^iSUfCS^ LT;ia*S^S 

[0 115] IISSW2 8~3 0 

2 7 IC^ViT. *W«SS**COBH^fiJ-&*:S 1 0 t" 

[0 116] ±ie*JS««12 7~3 OTf^SSbfc&KKffl 

?>f!l^SrP9'<3tiie*, ^1 OlC^-rSDT&ofc. 
[0 1 1 7] 
[^10] 











D 


50 


1 0 0 


5 0 


1 0 0 


-^mm 7 


1, 2 


2. 0 


2. 5 


9 1 


9 0 


i»n2 8 


1. 2 


2. 5 


2. 9 


9 7 


9 5 


$d£M2 9 


1. 2 


2. 2 


2. 6 


9 5 


9 2 




1. 2 


1. 8 


2. 2 


8 fi 


8 7 



20 



30 



40 



[0 118] ±12^1 0*^5W6*»iteJ;5»C, *&SSr 

[0 119] IISSW3 1 
Slffi«SJl IC:fet,iT. fl«?}RtC5':J-:7 3:>*0. 0 1ml/ 
1 tO§iJ-&-C»lllL'fc««m*ffit>«>£WB-r'<T|S|««C 

[0 12 0] SIJSW3 2-3 6 

[0121] ±l2|g«5C»J 3 1 ~3 6 T?f^»Lfc^a»IB 
[0 122] 

[^1 1] 
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(17) 



1$MV6-2 7 5 2 7 7 



31 



32 

















1 


5 0 


1 0 0 


2 0 0 


3 0 0 


1 


5 0 


1 0 0 


2 0 0 


3 0 0 




9 8 


95 


9 3 


9 2 


9 0 


1 0 D 


9 2 


8 8 


8 1 


7 2 




t 0 0 


98 


9 7 


95 


9 2 


1 0 0 


9 7 


9 4 


8 8 


7 6 




0 9 


99 


9 6 


93 


9 1 


1 0 0 


8 7 


9 3 


8 4 


7 4 


^110113 4 


9 9 


96 


9 6 


9 4 


g 0 


1 0 0 


9 4 


9 2 


8 6 


7 3 




1 0 0 


9 9 


9 9 


9 6 


9 5 


1 0 0 


9 8 


9 5 


9 0 


8 3 




1 0 0 


9 7 


9 6 


9 4 


9 3 


10 0 


9 6 


9 3 


8 7 


7 9 



[0 12 3] ±fB«l ld»^ISe>*»;S:J:5lC. ^«®* 
[0 12 4] HfflWa 7 

5is+-> H 8 0 aSSBtcS^S-ar. -?-®®JStCL I C 1 O 
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